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A b s t r a c t -
The a p p l i c a t i o n o f S I M S t o the c h a r a c t e r i z a t i o n of environmental contaminants i s described, i n c l u d i n g t h e study o f t h e cytopathology o f r e s p i r a b l e p a r t i c l e s i n a l v e o l a r macrophages. Q u a n t i f i c a t i o n o f S I M S d a t a o f b i o l o g i c a l specimens i s l i m i t e d i n p a r t by s u r f a c e topography i n t r o d u c e d by d i f f e r e n t i a l shrinkage d u r i n g specimen dehydration and by non-uniform o r d i f f e r e n t i a1 s p u t t e r i n g o f v a r i o u s t i s s u e components. P r e l i m i n a r y s t u d i e s a r e discussed comparing t h e morphologic e f f e c t s of radiofrequency plasma e t c h i n g vs. i o n beam s p u t t e r i n g on v a r i o u s t i s s u e p r e p a r a t i o n s .
The development o f a n a l y t i c a l techniques f o r t h e morphochemical c h a r a c t e r i z a t i o n o f t r a c e and/or t o x i c elements i n various environmental o r b i o l o g i c a l media i s a c u r r e n t s u b j e c t of i n t e r d i s c i p l i n a r y research. The elemental coverage, d e t e c t i o n s e n s i t i v i t y , and s p a t i a l r e s o l u t i o n o f secondary i o n emission m i c r o a n a l y s i s (SIM) o f f e r t h e promise o f unique a n a l y t i c a l c a p a b i l i t i e s i n t h i s a p p l i c a t i o n s area (1,2).
Our c u r r e n t c o l l a b o r a t i v e SIM s t u d i e s i n v o l v i n g t r a c e o r t o x i c element c h a r a c t e r i z a t i o n i n b i o l o g i c a l specimens i n c l u d e : l u n g t i s s u e pathology, a t h e r o s c l e r o s i s , neuronal t i s s u e s impacted by A l z h e i m e r ' s disease, and i n v i t r o s t u d i e s o f c e l l mono1 ayers. One s p e c i f i c s u b j e c t under i n v e s t i g a t i o n i n o u r l a b o r a t o r y has been t h e
SIM study of t h e surface c h e m i s t r y of v a r i o u s a i r b o r n e p o l l u t a n t p a r t i c l e s .
A t i s s u e i s t h e r o l e of t h e p a r t i c l e s u r f a c e i n m e d i a t i n g b o t h heterogeneous atmospheric r e a c t i o n s and p a r t i c l e t o x i c i t y subsequent t o d e p o s i t i o n v i a
i n h a l a t i o n o r i n g e s t i o n . P a r t i c l e s produced i n h i g h temperature i n d u s t r i a l processes f r e q u e n t l y e x h i b i t s u r f a c e enrichments o f sorbed i n o r g a n i c and o r g a n i c compounds ( 2 ) . A few examples o f SIM r e s u l t s f o r a u t h e n t i c p o l l u t a n t m a t e r i a l s a r e l i s t e d i n Table 1 .
To i n v e s t i g a t e t h e r o l e of surface enriched components on p a r t i c l e t o x i c i t y , experiments have been i n i t i a t e d i n v o l v i n g i n v i t r o s t u d i e s of p a r t i c l e i n t e r a c t i o n s w i t h a l v e o l a r macrophages. ~e n e r n c h n i q u e s i n v o l v i n g sample p r e p a r a t i o n and c o r r e l a t i v e microscopic examination have Table 1 . SIM o f t h e Surface Layers o f A i r b o r n e P a r t i c u l a t e P o l l u t a n t s . 
Ta. secondary i o n i n t e n s i t y change observed w h i l e s p u t t e r i n g + approximately t h e o u t e r lOOOA of t h e p a r t i c l e surface w i t h O2 . b. F e (as i r o n oxide) i s a p r i n c i p a l b u l k o r m a t r i x component o f a l l t h r e e p a r t i c l e types. e s t a b l i s h e d u s i n g TEM i n c o n j u n c t i o n w i t h e l e c t r o n and i o n microprobe a n a l y s i s (4, 5). D i s s o l u t i o n and m i g r a t i o n o f Pb from t h e surfaces o f phagocytosed p a r t i c l e s r e s u l t e d i n t h e l i b e r a t i o n o f i n t r a c e l l u l a r Pb, r e p r e c i p i t a t i o n o f Pb as P and Ca -c o n t a i n i n g complexes throughout t h e c e l l , and c y t o p a t h i c changes i n c l u d i n g swell i n g o f t h e m i t o c h o n d r i a and n u c l e a r membranes.
One l i m i t i n g f a c t o r i n t h e q u a n t i t a t i v e i n t e r p r e t a t i o n o f SIM d a t a i n t h e above study was t h e apparent non-uniform o r d i f f e r e n t i a l s p u t t e r i n g o f v a r i o u s c e l l components ( 6 ) . T h i s i s a phenomenon of general concern i n t h e SIM c h a r a c t e r i z a t i o n of b i o l o g i c a l specimens. For a l v e o l a r macrophages, secondary e l e c t r o n images ( F i g . IA, 1B) suggest t h a t t h e nucleolus, n u c l e a r envelope and plasma qembrane a r e more r e s i s t a n t t o s p u t t e r removal b y t h e p r i m a r y i o n beam (02 1. However, these f e a t u r e s a l s o a r e observed t o p r o t r u d e from t h e surfaces o f u n s p u t t e r e d s e c t i o n s o f p e l l e t i z e d c e l l s (7) as F i g u r e 1. Secondary e l e c t r o n images o f C coated r a b b i t a l v e o l a r macrophages (wi dth=15pm).
A) Snap frozen, f r e e~e~d r i e d c e l l B) C e l l a f t e r lOkeV O2 bombardment C ) Snap-frozen, f r e e z e -d r i e d 0.2pm t h i c k s e c t i o n o f p e l l e t i z e d c e l l s . S i n g l e Arrow = nucleolus; Double Arrow = n u c l e a r envelope t h e apparent consequence o f d i f f e r e n t i a l shrinkage processes d u r i n g d r y i n g ( F i g u r e 1C). Such s t r u c t u r e s , t h e r e f o r e , may have i n h e r e n t l y g r e a t e r mass, d e n s i t y and t h i c k n e s s i n t h e dehydrated t i s s u e . Consequently, t h e i n t e r p r e t a t i o n o f apparent s p u t t e r i n g a r t i f a c t s i s complicated b y t h e e f f e c t s of sample p r e p a r a t i o n . F u t u r e c o l d stage SIM on frozen, hydrated t i s s u e s may be a c o n s i d e r a b l e advantage i n l i g h t o f these p o t e n t i a l s p u t t e r i n g o r p r e p a r a t i v e a r t i f a c t s . A p r e l i m i n a r y c o m p l i l a t i o n o f t h e v a r i o u s e f f e c t s o f i o n s p u t t e r i n g o r r a d i o f r e q u e n c y plasma e t c h i n g on t i s s u e morphology i s shown i n Table 11. The r e s u l t s o f ~r + and 0 + i o n beam bombardment a r e comparable suggesting t h a t s p u t t e r i n g processeg r e f l e c t c o l l i s i o n a l momentum t r a n s f e r l a r g e l y independent o f p r i m a r y beam composition. The chemical " m i c r o i n c i n e r a t i o n " induced b y t h e O2 rf plasma, however, appears t o have a + s u b s t a n t i a l l y d i f f e r e n t s e l e c t i v e e t c h i n g behavior r e l a t i v e t o t h e O2 i o n beam.
